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Objective(s):
Assess High Power Diode Laser Array Packages Used in NASA Aerospace Applications

Task Description:

 
Electronic circuits commonly exhibit degradation related to bonding and electrode material interface changes.  This is also true of high power diode laser arrays, however while the mechanisms may be similar to those encountered for electronic circuit chips, their causes are different. These differences and their influence upon the performance of kilowatt diode laser arrays that will be investigated

Task Approach to Meeting NEPP Objectives:


This task is to assess the flight reliability of several styles of COTS High Power (Kilowatt) Laser Diode Pump Arrays currently proposed for the upcoming Space Missions Picasso-CENA and Vegetation Coverage Lidar. NASA’s use of Laser Diode Pump Arrays in space to date has been only on MOLA I and MOLA II.  These are LIDAR altimeter instruments of moderate output energy. The approach used to derate and space qualify the particular pump arrays used for those space missions was somewhat rudimentary. Development of a better understanding of the degradation factors that are known to be present for all semiconductor lasers and how they specifically apply to the High Power (Kilowatt) Laser Diode Pump Arrays needed for the Picasso-CENA, the Vegetation Coverage Lidar and other similar missions is the basic goal of this effort.  Such improved understanding will provide a means for establishing selection validation guidelines for space flight qualification of High Power (Kilowatt) Laser Diode Pump Arrays for these and future missions.  The dissemination of this information to the NASA community and also its sharing with space instrument builders that use these devices will enhance the infusion of High Power (Kilowatt) Laser Diodes into other space missions.

Technical Background:

Packaging of high power linear, continuous-wave (CW) and two-dimensional (2D), quasi-continuous wave (QCW) diode laser arrays use many of the traditional packaging design rules engineers apply to packaging of electronic die.  Reliable mounting and encapsulation of integrated circuits (ICs), miniature microwave integrated circuits (MMICs), hybrid circuits, and fiber optic telecommunications products requires that detailed attention be given to both the mounting and encapsulation of materials and their associated processing procedures in addition to the material properties of the die involved.  Materials for attachment of electronic die to their chosen carriers include solders, epoxies (including impregnated types), or other materials/methods.  Carriers may be metallic, ceramic, or a composed of other materials.  Wirebonding is widely employed to establish electrical connection to a die’s bonding pads.  Preparation of a carrier’s surface is very important.  Interfaces are formed at the carrier’s surface-bonding material juncture and at the bonding material’s die-surface juncture.  Stability of these interfaces contributes to the overall reliability of the finished product.  Electronic die whether used as a single stand-alone chip or as a component of a hybrid circuit may have two or multi-electrodes.  These electrodes may be located on opposed surfaces of the chip (i.e. power rectifiers) or have multiple electrodes on a common surface (i.e. IC bonding pads).  In most cases diode lasers have two opposed electrodes.

References:

"Reliability and Degradation of Semiconductor Lasers and LEDs" by Mitsuo Fukuda, 1991, Artech House, Inc.; "Diode Laser Arrays" edited by D. Botez and D. R. Scifres, 1994, Cambridge University Press, Chapter 7 by D. R. Scifres and H. H. Kung

Technical Approach:



Packaging of single continuous-wave (CW) and quasi continuous wave (QCW) linear diode laser arrays will be an essential part of this program.  Their electrical and optical behavior will be monitored to indicate changes produced by packaging variations.  The assessment of the packaging influence upon the performance of these linear diode laser array types will be utilized to analyze the performance of multiple bar, 2D diode laser arrays. Stack and rack configurations will be included in the measurements and analysis to determine if there are significant differences between configuration types in terms of packaging influence and reliability. 


Key parameters of output power vs current, voltage vs current, and spectral distribution at fixed drive current will be monitored.  Another key parameter monitored will be T0 the characteristic temperature used in description of threshold current variation with temperature.  These key parameters will be measured for at least 3 different array heat-sink temperatures.  Measurements in the case of QCW arrays will be conducted for at least 3 different pulse widths and 3 different pulse repetition rates.  The temperature of the active region (emission region) of a diode laser is an important indicator of its potential for long operational life.  The measurement of this parameter will be done for both CW and QCW arrays.  The maximum temperature reached for QCW operation during a pulse and the stress produced on the array will be noted. The change in thermal resistance, increase of differential resistance, change in conversion efficiency and spectral shift to longer wavelength are indicators of device aging.  The rate at which this occurs is related to the overall quality of the device and its package.  Accelerated degradation of the arrays will be induced by elevated heat sink temperature operation.  Test reports will be prepared for each set of measurements.   All facilities and equipment are available at LaRC

NASA Customers:


Specific NASA Projects include Picasso-CENA and Vegetation Coverage Lidar.  There are DoD and other Agency customers who can also benefit from this information.

Clearly Stated Deliverables:

· Basic 30watt CW Linear Diode Laser Array Measurement Test Report  (FY02\Q2) 
· 30watt CW Linear Diode Laser Array Precision Thermal Measurement Test Report  (FY02\Q3) 
· “Test-to-Failure” 30watt CW Linear Laser Array Measurement Test Report  (FY02\Q4) 
· 30watt CW Linear Diode Laser Array Preliminary Data Analysis Test Report  (FY02\Q4)

· Basic 2D High Power Diode Laser Array Measurement Test Report  (FY03\Q2) 
· Basic 2D Diode Laser Array Precision Thermal Measurement Test Report  (FY03\Q3) 
· “Test-to-Failure” l Basic 2D Diode Laser Array Measurement Test Report  (FY03\Q4) 
· Basic 2D Diode Laser Array Preliminary Data Analysis Test Report  (FY03\Q4)

· Linear and 2D Diode Laser Arrays from same vendor Measurement Test Report  (FY04\Q2) 
· Comparative Laser Diode Array Precision Thermal Measurement Test Report  (FY04\Q3) 
· “Test-to-Failure” comparative Diode Laser Array Measurement Test Report  (FY04\Q4) 
· Comparative Laser Diode Array Preliminary Data Analysis Test Report  (FY03\Q4)

Top Level Schedule:


FY02

· 30Watt CW Laser Diode Arrays available for test (Q1)
· Complete preliminary linear array measurements, prepare test report (Q2) 
· Complete precision thermal CW linear array measurements, prepare test report (Q3) 
· Complete “Test-to-Failure” CW linear array measurements, prepare test report (Q4) 
· Prepare test report of preliminary data analysis to date (Q4)


FY03

· Basic 2D High Power Diode Laser Arrays available for test (Q1)
· Complete preliminary-basic 2D array measurements, prepare test report (Q2)
· Complete precision thermal 2D array measurements, prepare test report (Q3) 
· Complete “Test-to-Failure” 2D array measurements, prepare test report (Q4)
· Prepare test report of preliminary data analysis to date (Q4)


FY04

· Replacement Linear and 2D Diode Laser Arrays from same vendor available for test (Q1)
· Complete preliminary-basic comparative array measurements, prepare test report (Q2)
· Complete comparative array precision thermal measurements, prepare test report (Q3) 
· Complete “Test-to-Failure” comparative array measurements, prepare test report (Q4)
· Final Test Report  (Q4)
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Leveraging:

· NEPP “Reliability of HIGH POWER LASER Diode Arrays for Use in LEO and Aircraft Avionics”
Benefits from LaRC Space Thrust Technology Office’s support in previous procurement of test equipment and software

Benefits from the DARPA’s Precision Laser Machining Program

Benefits from ONR MAN Tech Program (ADAM)

· Benefits from the US Army’s MAN Tech Program (HILDA)

